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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for easily producing an inorganic porous membrane having high characteristics by uniformly 
forming pores having a small pore diameter. 

SOLUTION: This method for producing an inorganic porous membrane comprises forming an amorphous coated membrane by applying and drying an 
inorganic material composition consisting of a template material consisting of at least one kind selected from ammonium ion, phosphonium ion and 
amines, and an alkoxysilane solution containing water and an acid of a catalytic amount as main components, by 4 molar ratio of water to the 
alkoxysilane (H20/Si), and having pH 1-2.5, on an inorganic porous supporting material, and then-treat the amorphous coated membrane under 
conditions of a low temperature and atmospheric pressure not causing a crystallization by hydrolysis thereof. 
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* NOTICES* ^ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of an 

inorganic porous membrane. 

[0002] 

[Description of the Prior Art] Fabricating in the shape of a thin film, applying the charge of porous-glass 
material on a base material, or it uses as an inorganic porous membrane, making it solidify in the shape 
of a thin film, and forming in an inorganic porous membrane under strong acid nature or strong-base 
nature conditions, as an inorganic porous membrane, conventionally, after carrying out hydrothermal 
synthesis of the zeolite is performed. 
[0003] 

[Problem(s) to be Solved by the Invention] About the technology which fabricates a zeolite in the shape 
of a thin film among the conventional inorganic porous membranes mentioned above From needing the 
energy supply, with elevated-temperature high pressure high in needing an expensive facility for 
hydrothermal synthesis etc. To crystal each of the zeolite light obtained again which had to be called 
very expensive synthetic method Although uniform "pore" which has a fine path is formed, since a 
zeolite is obtained in the state of poly crystal, Though the aperture of the pore is proper and is the 
uniform thing to which the size was equal, since uneven larger "opening than aforementioned pore" 
arises among crystal grain children even if It could not but become the use which needs advanced 
separability (property of pore) which does not become the inorganic porous membrane which has 
precise pore uniformly as the whole, for example, is used as a molecular sieve for gas separation with 
the unsuitable thing. Moreover, in order to have formed porous-glass material in the shape of a thin film, 
the uniform pore which has a fine path was hard to be formed, and it was difficult for the use with which 
the property of pore is needed for altitude too to apply, if it is in the technology which applies the 
aforementioned charge of porous-glass material on a base material, and is especially solidified in the 
shape of a thin film, even if it is easy to produce a pinhole and a crack in the formed thin film and is able 
to form uniform pore depending on the surface state of the aforementioned base material, it will not be 
uniform as a whole too — there was the actual condition that it could not but become a porous membrane 
"with nonuniformity" 

[0004] Therefore, in view of the above-mentioned fault, the purpose of this invention forms the aperture 
of pore uniformly more, and is to offer the method of manufacturing easily the inorganic porous 
membrane which has a high property. 
[0005] 

[Means for Solving the Problem] The feature composition of this invention for attaining this purpose An 
ammonium ion, phosphonium ion, the template agent that is chosen from amines and that consists of a 
kind at least. And it becomes considering the alkoxysilane solution containing the acid of water and the 
amount of catalysts as main material. And the inorganic-material constituent of pH 1-2.5 whose mole 
fraction (H2 0/Si) of water and alkoxysilane is four or less Being in performing the heating process 
heat-treated under the paint film formation process which applies and dries and forms an amorphous 
nature paint film on an inorganic porosity base material, the low temperature to which crystallization 
according the aforementioned amorphous nature paint film to the aforementioned hydrolysis is not 



carried out, and the conditions of an ordinary pressure, its operation and effect are as follows. 
[0006] The [operation effect] The alkoxysilane containing an acid catalyst generates amorphous-like 
silicon oxide (Si02) (it is called a silica for short below) by carrying out condensation polymerization. It 
is thought that this silica serves as a chain-like macromolecule when the mole fraction (H2 0/Si) of 
water and alkoxysilane is small. Then, this invention persons are in the state which added the template 
agent, and if moisture content is low and condensation polymerization of the aforementioned 
alkoxysilane solution is carried out under the conditions that a rate of polymerization is slow Gather 
around the aforementioned template agent, and a chain-like silica is amorphous [-like ] and serves as a 
chain-like macromolecule. If pH of the aforementioned inorganic-material constituent is 1-2.5 when it 
thinks that it will not become the pore standardized by the aforementioned template agent and various 
reaction conditions are examined Since the condensation polymerization speed of the aforementioned 
alkoxysilane is low and gels precisely, the mole fraction (H2 0/Si) of water and alkoxysilane or less by 
four And the new knowledge that the porous structure in the amorphous state of having many uniform 
apertures could be obtained was acquired by heat-treating the inorganic-material constituent of pH 1-2.5 
under low temperature and the conditions of an ordinary pressure. 

[0007] In order to accomplish this invention based on the aforementioned new knowledge and to obtain 
the aforementioned porous structure The paint film formation process which applies and dries the 
aforementioned inorganic-material constituent on an inorganic porosity base material, and forms an 
amorphous nature paint film. And the porous membrane in the amorphous state of having many uniform 
apertures by the easy method of performing the heating process heat-treated under low temperature to 
which crystallization according the aforementioned amorphous nature paint film to the aforementioned 
hydrolysis is not carried out, and the mild conditions of an ordinary pressure can be compounded now 
by low energy. Therefore, as it has not used conventionally, the porous membrane which can be used as 
a molecular sieve for gas separation was able to be offered cheaply. 

[0008] As the aforementioned template agent, in addition, a tetrapod n-butyl ammonium ion (n-C4H9) 
(4N+), A tetrapod n-propyl ammonium ion (n-C3H7) (4N+), A tetraethyl ammonium ion (C2H5) (4N+) 
and a tetramethyl ammonium ion (CHS) (4N+), n-propyl trimethyl ammonium ion (n-C3H7) (CH3) 
(3N+), A benzyl trimethyl ammonium ion (C7H7) (CH3) (3N+), Tetrapod n-butyl phosphonium ion (n- 
C4H9) (4P+), Benzyltriphenylphosphonium ion (3P+) (C7H7) (C6H5), where the silica of the shape of 
an aforementioned chain is gathered, 1, the 4-dimethyl -1, a 4-diazo bicyclo (2, 2, 2) octane, a 
pyrrolidine, n propylamine (n-C3H7NH2), methyl quinuclidine, and, if it comes out Since it is easily 
removed from a silica by heat-treatment while it is convenient, although the siUca is understood an 
added water part and furthermore carries out condensation polymerization, much pores of the uniform 
path specified in the size of the template agent can be formed. Moreover, since moderate polymerization 
conditions are acquired as the aforementioned silica tends to grow that the mole ratios (H2 0:Si) of the 
water and alkoxysilane in the aforementioned inorganic-material constituent are 0.1-150 in the shape of 
a chain, and ** and the acid in the aforementioned inorganic-material constituent are hydrochloric acids 
further crystallizing and the addition is 1 / 105 - 1/10 to water, it is convenient. 
[0009] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained below. First, the 
inorganic-material constituent 1 shown in Table 1 is adjusted. DIP coating is carried out at the outside 
surface of a porosity base material, this inorganic-material constituent is dried, and a paint film is 
formed (paint film formation process). After dryness, the obtained paint film is calcinated (heating 
process) and formed in an inorganic porous membrane. Similarly, the paint film formation process and 
the heating process were performed also about the inorganic-material constituents 2-5, and the inorganic 
porous membrane was formed. In addition, 3 ** performed the paint film formation process and the 
heating process more nearly repeatedly by turns. 
[0010] 
[Table 1] 
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however, TEOS:tetrapod ethoxy silane TMOS:tetramethoxy silane TPABr: ~ bromination - 
tetrapropylammonium TEABr: ~ tetraethylammonium bromide TBABr: - bromination - 
tetrabutylammonium TMABr: - tetramethylammonium bromide it is ~ each numeric value is a mole 
ratio to alkoxysilane 

[001 1] [Adjustment of an inorganic-material constituent] A sol-like constituent can be obtained for 
alkoxysilane, ethanol, water, and a hydrochloric acid mixture and by stirring for further 1 hour by the 
composition ratio of Table 1. The template agent of the specified quantity is added to this, and it stirs at 
the room temperature in the atmosphere for 2 hours, and considers as an inorganic-material constituent. 
[0012] [Paint film formation process] As a porosity base material, the porosity alumina tube of 200nm 
of average pore size is used. The aforementioned porosity base material is flooded with the 
aforementioned inorganic-material constituent, under the stirring mixture condition of the 
aforementioned inorganic-material constituent, it pulls up by 0.5mm/second in speed, and the 
aforementioned inorganic-material constituent is applied to the aforementioned porosity support surface 
(DIP coating). It dries at a room temperature for 1 hour, and let this be a paint film. This operation is 
repeatedly made into one process 6 times. 

[0013] [Heating process] By heating after a temperature up at 150 degrees C for 2 hours, the paint film 
obtained by drying is obtained as a vitrified inorganic porous membrane. 

[0014] [Another operation gestalt] Although TPABr, TEABr, TBABr, and TMABr were used as a 
template agent with the gestalt of above-mentioned operation n-propyl trimethyl ammonium ion (n- 
C3H7) (CH3) (3N+), A benzyl trimethyl ammonium ion (C7H7) (CH3) (3N+), Tetrapod n-butyl 
phosphonium ion (n-C4H9) (4P+), Benzyltriphenylphosphonium ion (3P+) (C7H7) (C6H5), 1, the 4- 
dimethyl -1, a 4-diazo bicyclo (2, 2, 2) octane, A pyrrolidine, n propylamine (n-C3H7NH2), methyl 
quinuclidine, etc. can also be used, and when it is what a template agent commits as a cation, it can use 
with the gestalt of a halogenide, a hydroxide, etc. What is necessary is in short, just to have the element 
which is chosen from an ammonium ion, phosphonium ion, and amines and which consists of a kind at 
least. Moreover, as alkoxysilane, to be able to use tetrapod propoxysilane (Si4 (OC3H7)), tetrapod 
butoxysilane (Si4 (OC4H9)), etc. in addition to TEOS and TMOS, to carry out condensation 
polymerization by hydrolysis, and what is necessary is just the material which can generate a silica. 
Moreover, what mixed metal alkoxides, such as an alkoxide of a zirconium, aluminum, and titanium, , 
with alkoxysilane may be used. Moreover, mole ratio of water and alkoxysilane (H2 0:Si) Especially 1- 
4 are desirable and the aforementioned silica tends to become the macromolecule of the shape of a low 
chain of a fractal dimension under such conditions. Furthermore, although a hydrochloric acid, a nitric 
acid, an acetic acid, a trifluoroacetic acid, Para toluenesulfonic acid, etc. can be used as an acid catalyst 
under such conditions, especially a hydrochloric acid is desirable, and when it is the addition which sets 
pH of a previous inorganic-material constituent to 1-2.5, especially a rate of polymerization can be made 



late. 
[0015]' 

[Example] The example of this invention is explained below. When the separability ability of nitrogen 
gas and carbon dioxide gas and the separability ability of nitrogen gas and gaseous helium were 
measured using the inorganic porous membrane obtained according to the gestalt of previous operation, 
it became as it is shown in Table 2. 
[0016] 
[Table 2] 



However, alpha (gas 1/gas 2) is a ratio of the transmission rate PI of pure gas 1, and the transmission 

rate P2 of pure gas 2 which penetrates an inorganic porous membrane in each temperature. 

[0017] Moreover, the gas transmission rates PI and P2 used for Table 2 show the value shown in Table 

3 in each temperature. 

[0018] 

Table 3] ^ 
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[0019] From Table 2, the inorganic porous membrane of this invention shows high carbon-dioxide-gas 
separability to nitrogen also in an elevated temperature, and is considered that the homogeneous porous 
structure controlled by the aperture of nanometer order is obtained. Moreover, from Table 3, it also turns 
out that sufficient amount of gas transparency is obtained, and has proved demonstrating a performance 
sufficiently high as a gas permeation membrane. 



[Translation done.] 



DERWENT-ACC-NO: 1997-486190 



DERWENT-WEEK: 200325 

COPYRIGHT 1999 DERWENT INFORMATION LTD 

TITLE: Preparing inorganic porous filrn - by applying inorganic 

aqueous solution to porous inorganic support, then low 
temperature heating at atmospheric pressure 

PATENT-ASSIGNEE: AGENCY OF IND SCI & TECHNOLOGY[AGEN] , 
KUBOTA CORP[KUBI] 

PRIORITY-DATA: 1996JP-00408 16 (February 28, 1996) 
PATENT-FAMILY: 

PUB-NO PUB-DATE LANGUAGE PAGES MAIN-IPC 

JP 3391622 B2 March 31, 2003 N/A 005 BOID 071/02 

JP 092271 13 A September 2, 1997 N/A 006 COIB 033/12 

APPLICATION-DATA: 

PUB-NO APPL-DESCRIPTOR APPL-NO APPL-DATE 

JP3391622B2 N/A 1996JP-0040816 February 28, 1996 

JP3391622B2 Previous Publ. JP 9227113 N/A 

JP 09227 1 1 3 A N/A 1 996JP-00408 1 6 February 28,1996 

INT-CL(IPC): B01D053/22, B01D071/02, C01B033/12 , C04B041/85 



ABSTRACTED-PUB-NO: JP 092271 13A 
BASIC-ABSTRACT: 

An inorganic porous film is produced by (a) forming an amorphous film by 
applying to an inorganic porous support an inorganic material compsn. having a 
pH value of 1-2.5 and contg. mainly a template agent consisting of at least one 
selected fi"om ammonium ions, phosphonium ions, and amines and an alkoxysilane 
soln. contg. water and a catalytic amt. of an acid in a mole ratio of water to 
alkoxysilane (H20/Si) of up to 4 and drying; and (b) heating the amorphous film 
under the atmospheric pressure at low temps, at which the amorphous film is not 



crystallised by hydrolysis. 



USE - The inorganic porous film can be used as a gas separation membrane. 
CHOSEN-DRAWING: Dwg.0/0 

TITLE-TERMS: PREPARATION INORGANIC POROUS FILM APPLY INORGANIC 
AQUEOUS SOLUTION 

POROUS INORGANIC SUPPORT LOW TEMPERATURE HEAT 
ATMOSPHERE PRESSURE 

DERWENT-CLASS: E36 JOl L02 

CPI-CODES : E 11 -QO 1 ; E3 1 -PO 1 ; JO 1 -COS; JO 1 -E03E; L02-A02; 

CHEMICAL-CODES: 
Chemical Indexing MB *01 * 
Fragmentation Code 

Bl 14 B702 B720 B831 CI 08 C800 C802 C803 C804 C805 
C807 M411 M720 M781 M903 M904 M910 N163 N209 N242 
N262 N301 N309 N382 N421 N442 N513 N514 N515 Q431 
Q453 Q508 R043 R044 
Specfic Compounds 
01694P01694R 
Registry Numbers 
1694P 1694U 

Chemical Indexing M3 *02* 
Fragmentation Code 

C106 C108 C530 C730 C800 C801 C802 C803 C805 C807 
M411 M720 M903 M904 M910 N163 N513 N514 N515 Q431 
Q453 

Specfic Compounds 
01066P 

Registry Numbers 
1066P 

Chemical Indexing M3 *03* 
Fragmentation Code 

B002 BlOO C810 M41 1 M720 M903 M904 M910 N163 N513 
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Specfic Compounds 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a method for easily producing an inorganic 
porous membrane having high characteristics by uniformly forming pores having a 
small pore diameter. 

SOLUTION: This method for producing an inorganic porous membrane comprises 
forming an amorphous coated membrane by applying and drying an inorganic 
material composition consisting of a template material consisting of at least 
one kind selected from ammonium ion, phosphonium ion and amines, and an 



alkoxysilane solution containing water and an acid of a catalytic amount as 
main components, by ≤4 molar ratio of water to the alkoxysilane 
(H<SB>2</SB>0/Si), and having pHl-2.5, on an inorganic porous supporting 
material, and then-treat the amorphous coated membrane under conditions of a 
low temperature and atmospheric pressure not causing a crystallization by 
hydrolysis thereof 
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